Objectives. To evaluate the effect of a clinical practice guideline for cesarean section due to dystocia on physician compliance, pregnancy outcome, and cesarean delivery rates, and to identify factors associated with physician non-compliance.
The overall cesarean section rate has increased progressively in many parts of the world, including Thailand, in particular over the past 10 years. This rising cesarean rate has become of increasing concern to both the obstetric profession and the public. There are many factors that contribute to variations in cesarean section rates, both medical and non-medical, such as practice culture, practice style, hospital environment, source of payment, patient preferences, and socioeconomic status [1] [2] [3] [4] . Several strategies have been proposed to reduce cesarean rates, such as physician and public education about maternal and fetal benefits of vaginal delivery, practice guidelines for the management of labor, commitment of attending physicians to a lower cesarean delivery rate, auditing by peer review, intensive feedback of the outcomes, public dissemination of cesarean section rates, modification of physician reimbursement, modification of hospital reimbursement, and medical malpractice reform [1, [5] [6] [7] .
Our institution, Songklanagarind Hospital, Faculty of Medicine, Prince of Songkla University, the only university hospital in Southern Thailand, also has had a high cesarean section rate. From 1990 to 1998 it increased from 25% to 33%. In 1999, concerned with this trend, the Department of Obstetrics and Gynecology reached a consensus to reduce the cesarean delivery rates to improve the quality of maternal and fetal health care. Vaginal birth after prior cesarean (VBAC) is not done in our hospital due to limitations of medical personnel and resources, therefore we have mainly focused on reducing the primary cesarean section rate. Upon investigation, it was found that the major obstetric indication for primary cesarean section was dystocia (failure to progress; cephalopelvic disproportion), the diagnosis of which has progressively increased, with wide variations in diagnosis and management depending on individual obstetrician practices. In an attempt to reduce the increasing number of cesarean sections, a clinical practice guideline for cesarean sections due to dystocia was developed. It was derived and adapted from that of the Royal Thai College of Obstetricians and Gynecologists (RTCOG), with the agreement of all 18 obstetricians in Songklanagarind Hospital. Participation by attending obstetricians was voluntary and not linked to any sanction. It was decided to audit physician compliance and to evaluate the effect of the guideline after implementation to determine whether it was safe and effective in reducing the cesarean section rate.
The effect of the implementation of a guideline related to cesarean deliveries has been studied widely in many institutions. However, most studies have mainly focused on cesarean section rates and pregnancy outcomes [1, [8] [9] [10] [11] . There have been very few studies concerning physician compliance or actual practices, which are important factors in determining outcome [6, 7] . No study that we are aware of has reported on factors associated with physician non-compliance. Therefore, we aimed at evaluating physician compliance with the clinical practice guideline, and to identify factors associated with physician non-compliance. In addition, we also evaluated the effect of the clinical practice guideline on pregnancy outcomes and rate of cesarean delivery. Our hypothesis was that physician compliance would be high, and cesarean sections due to dystocia could be decreased without adverse outcomes for either mothers or fetuses.
Materials and methods
This study was undertaken in Songklanagarind Hospital, a university hospital located in Southern Thailand that serves as a regional tertiary center. There are ∼2500 deliveries per year. There are two types of service in the Department of Obstetrics and Gynecology: private and non-private. Private patients have their own obstetrician from ante-through postpartum. Non-private patients are cared for by resident physicians in obstetrics and gynecology, supervised by experienced obstetricians from the department.
The guideline was implemented into clinical practice on a voluntary basis on 1 June 1999. All resident physicians training in obstetrics and gynecology and all obstetricians committed to follow the guideline. Before making a decision to perform a cesarean section based on an indication of dystocia, the criteria for diagnosis of dystocia had to be fulfilled, which are: (i) cervical dilatation ≥3 cm; (ii) good uterine contraction for at least 2 hours (interval of 2.5-3 minutes, duration of 40-60 seconds, and intensity of at least 2+ by clinical assessment); and (iii) abnormal progression of labor, including one of the following: protraction disorder (<1.2 cm/hour in nulliparous and <1.5 cm/hour in multiparous), arrest disorder (arrest of dilatation for at least 2 hours or arrest of descent for at least 1 hour), or prolonged second stage of labor (2 hours in nulliparous and 1 hour in multiparous). If one of these conditions is not met, two obstetricians are required for the decision to proceed with the cesarean section. The Songklanagarind guideline was quite similar to that of the RTCOG, except for the criterion of cervical dilatation, which was changed from 4 cm with 80% effacement to only 3 cm, as we were concerned about the safety of the RTCOG guideline, and wanted to make it less stringent.
The required sample size was calculated based on the estimated prevalence of physician compliance with a clinical practice guideline. Setting a confidence interval of 95%, and an estimated prevalence of physician compliance from a pilot study of 85% with an acceptable error of 5%, indicated that at least 196 cases of cesarean section due to dystocia were required to estimate the prevalence of physician compliance reliably.
We reviewed all medical records of women with a singleton pregnancy who had undergone cesarean deliveries due to dystocia before and after implementation of the guideline, at Songklanagarind Hospital from 1 January 1998 to 31 December 2000.
Maternal characteristics were compared between the two periods using chi-square test and Student's t-test. A P-value of <0.05 was considered significant. Data were derived from the database of the Statistical Unit of the Department of Obstetrics and Gynecology, Songklanagarind Hospital.
Physician compliance with the guideline, defined as practice that followed the protocol, was evaluated from medical records. We evaluated the effect of the guideline on pregnancy outcomes by using data in the earlier period, before implementation of the guideline for comparison.
The cesarean trend was analyzed from the cesarean section rates for the years 1990-1999 by a time series analysis using Holt's exponential smoothing model. Time series analysis was used to identify the nature of the phenomenon represented by the sequence of observations, and to predict future values of the time series variable. Holt's exponential smoothing model is a method of forecasting based on a simple statistical model of a time series. It is suitable for data with an explicit linear trend. Recent observations are given relatively more weight in forecasting than older observations. The Holt's exponential smoothing model estimates a trend (T) component and a smoothed value (S) by the estimating equations: S t = αX t + (1 -α)(S t−1 + T t−1 ) and T t = γ(S t -S t−1 ) + (1 -γ)T t−1 . α and γ are smoothing constants with values between 0 and 1.
Forecasts are calculated as F t+m = S t + T t m (m = 1, 2, 3, . . . ) and F t+m is a predicted value at time t + m. We used the program to automatically set the appropriate α and γ values. It was found that an α value of 1.0 and a γ value of 0 produced the smallest sum of squared error in the fit model. In the analysis for predictors of physician non-compliance, the potential predictor variables consisted of maternal age, parity, maternal height, type of service, and birthweight. They were all included in the multiple logistic regression model because one variable may have a confounding effect on the others. For fetal birthweight, we selected 3500 g as the threshold of abnormal weight instead of 4000 g because Thai babies are normally small; the average fetal birthweight in our hospital is ∼3000 g. The average birthweight of cesarean babies due to dystocia is approximately 3300-3400 g. SPSS for Windows version 10.0 was used for data analysis. A P-value of <0.05 was considered significant.
Results
From 1 January 1998 to 31 December 2000, there were 3126 and 3768 deliveries before and after implementation of the guideline, respectively. Demographic characteristics were not notably different between the two periods ( Table 1) . A total of 719 women had cesarean delivery due to dystocia. There were 320 and 399 cases in the periods before and after implementation of the guideline, respectively.
Physician compliance with the clinical practice guideline evaluated from all 399 medical records was 89.2%, with 83.1% and 98.7% in private and non-private practices, respectively. Physician compliance was significantly different between the two groups (P < 0.001). No obstetricians followed the criterion that requires two obstetricians to make the decision. The criteria of cervical dilatation ≥3 cm, good uterine contraction, and abnormal progression of labor were not followed in 5.8%, 5.8%, and 4.8% of cases, respectively. The majority of cases had arrest disorder (87.7%). In the non-compliance group, 41 out of 43 cases (95.3%) were private patients. In addition, the median cervical dilatation at the time of diagnosis of dystocia in this group was only 2 cm (range 1-10 cm).
Pregnancy outcomes were compared between the two periods. Postpartum complications including uterine atony, metritis/endometritis, postpartum hemorrhage, puerperal morbidity, and wound infection were less in the period after implementation of the guideline. Fetal outcomes, including birthweight, Apgar scores, meconium-stained amniotic fluid, and admission to a neonatal intensive care unit, were not different ( Table 2) . No cases had an Apgar score at 5 minutes of <7. No cases had cesarean hysterectomy. No fetal or maternal deaths or any serious complications were reported. Comparison of the pregnancy outcomes of all deliveries between the two periods using the database of the department showed that there were no significant differences in terms of postpartum complications and perinatal mortality rates. Postpartum complications were 3.5% and 3.3%, and the perinatal mortality rates were 7.8/1000 and 8.4/1000 in the periods before and after implementation of the clinical practice guideline, respectively.
The time series analysis showed that the trend of cesarean deliveries due to dystocia was rising, with a predicted cesarean rate of 12.7% by the year 2002. However, after implementation of the guideline, the observed cesarean rate fell from 10.7% in 1999 to 8.6% in 2002, deviating from the prediction (Figure 1 ). During the same period, departmental data showed that the primary cesarean section rate fell from It was found that private practice, nulliparity, and birthweight ≥3500 g were significantly associated with physician non-compliance upon univariate analysis (Table 3 ). In the multivariate logistic regression analysis, the factors significantly associated with physician non-compliance were private practice, maternal short stature, and high birthweight. Private practice was a very strong predictor of physician non-compliance compared with non-private practice. Nulliparity and maternal age were not significant predictors in the multivariate logistic regression model (Table 4) . 
Discussion
In this study, it was found that physician compliance with the clinical practice guideline for cesarean delivery due to dystocia was quite high, although it did not reach 100% overall, perhaps because the policy was introduced on a voluntary basis. Compliance in non-private practice was significantly higher than in private practice. Fetal outcomes did not differ between the two periods. There were no maternal or fetal deaths in either study group. In addition, postpartum complications were less in the period after implementation of the guideline. However, this might occur by chance because of the small sample size. Departmental data showed that pregnancy outcomes of all deliveries between the two periods were not significantly different, possibly indicating that the guideline reflects safe and good practice. In this study, we only examined deviation from the guideline by overuse, not instances of underuse.
The cesarean section rate due to dystocia was reduced after implementation of the clinical practice guideline, indicating that the guideline was effective in lowering the rate of cesarean deliveries. In addition, the primary cesarean section rate was slightly reduced and the cesarean section rate due to fetal distress did not significantly increase during the same period. Therefore, the reduction of the cesarean rate for dystocia was not a shift in the primary cesarean indication. Other institutions have had considerable success in reducing cesarean rates with guideline implementation [8, 9, 12] , along with other strategies including service improvements, peer review, and individual feedback [1, 7] .
Multivariate logistic regression analysis indicated that private practice had ∼16 times the rate of physician non-compliance compared with non-private practice, probably because management in private practice is more based on individual judgment, patient preference, and financial factors. Maternal short stature and high fetal birthweight were also significant factors associated with physician non-compliance; both are well-known risk factors of cephalopelvic disproportion and might affect the obstetrician's decision to perform a cesarean section earlier, in the latent phase or before diagnostic criteria have been confirmed. However, no obstetricians followed the criterion that requires two obstetricians to make such a decision, indicating that the policy is not strictly enforced. We recommend that these women be managed cautiously. If the guideline is followed too strictly, it could be harmful to both mother and fetus. The criterion that requires two obstetricians for decision approval should be considered in such cases.
Our hospital was successful in reducing the rate of cesarean deliveries due to dystocia by implementation of the clinical practice guideline with no adverse outcomes. We believe that initiative within the department, obstetricians' participation in making the policy, and their self-commitment to follow the guideline were important factors in this success. However, the cesarean section rate due to this indication in our institution is still high. This may be because our guideline is not stringent, or obstetrician compliance, particularly in private practice, is still low, or because the evaluation period was not long enough to reach the desired rate. The appropriate rate should be ∼4.5% of total deliveries, estimated from the recommended cesarean section rate for all indications by the World Health Organization of 15%, and this indication accounts for ∼30% of total cesarean deliveries in our hospital. The available literature indicates that effective strategies include: advocacy by leadership and building consensus; individual participation in policy making (compared with mandated programs); consistent individual feedback; readiness to change; and nonblinded, intradepartmental distribution of outcomes [13] [14] [15] . Widely used continuing medical education delivery methods such as conferences apparently have little direct impact on improving professional practice [13] .
We have proposed more strategies in an attempt to decrease further cesarean deliveries due to dystocia to an acceptable rate, including: adaptation of the guideline to be more stringent by changing the criterion of cervical dilatation to 4 cm with 80% effacement, as specified by RTCOG; use of a check list of criteria in the guideline for every cesarean delivery due to dystocia with audit by peer review; analysis of obstetricians' individual cesarean rates; and intensive feedback of the outcomes by comparing with others, especially the outliers. All obstetricians have been informed that their practice will be monitored. We hope that not only the rate of cesarean section due to dystocia decreases, but also the overall primary cesarean delivery rate. Since our institution is a medical school, performing cesarean sections with inappropriate indications, such as patient's desires or elderly primigravida, is not permitted. We will again evaluate cesarean section rates in the future to see if they have significantly decreased to an acceptable rate through the new strategies.
